Background: Modern contraceptive methods enable couples to enjoy sexual intercourse without fear of the risk of pregnancy at any desired time. The evidence from different studies done in Ethiopia on modern contraceptive method utilization was highly varied and not conclusive. Therefore, the current study aims to study the magnitude of modern contraceptive utilization and associated factors among reproductive-age women in Ethiopia based on 2016 EDHS data. Descriptive studies and logistic regression models were used to summarize descriptive data and measure statistical association respectively. Adjusted odds ratio and confidence interval were respectively used to measure association and its statistical significance. Finally, statistical significance was declared using a confidence interval.
Background
Access to safe and modern contraceptive methods contributes to more freedom, independence of women and gender equity and is, therefore, a cornerstone of women's rights and their sexual and reproductive health [1] . Contraceptive use helps couples and individuals realize their basic right to decide freely and responsibly when and how many children to have. The growing use of contraceptive methods has resulted in not only improvements in health-related outcomes such as reduced maternal mortality and infant mortality, but also improvements in schooling and economic outcomes, especially for girls and women [2] .
In developing countries, two hundred twenty-two million women who want to delay or avoid pregnancy are not using any method of family planning [3] . Worldwide, the prevalence of unmet need among married or inunion women is as high as 10%, whereas, it is doubled in the Africa region [2] . Ethiopia is still among countries with low contraceptive utilization rates even though considerable improvements have been made in the last decades [4] .
Modern contraceptive methods enable couples to enjoy sex without fear of the risk of pregnancy at any desired time [5] . Modern contraceptive methods account for more than 90% of the contraceptive use worldwide. Globally in 2017, 58% of married or in-union women of reproductive age were using a modern method which accounts for 92% of all contraceptive users [2] .
Utilizing contraceptive methods prevent sexually transmitted diseases in addition to avoiding unwanted pregnancies, unintended birth, abortion, miscarriages and maternal death [3] .
A community-based cross-sectional study done in Ho district of west Ghana showed that 89.8% of married women used modern contraceptives, and the injectable contraceptive method was the most used [6] . To the contradict, another study was done in the same country (Ghana) showed a prevalence of only 21% [7] . A community-based crosssectional study done on reproductive-age women in Yaoundé-Cameroon showed that 58.9% used a modern contraceptive method [8] . Different studies done in Ethiopia [9] [10] [11] [12] [13] [14] showed extremely variable results in the prevalence of modern contraceptive use which ranged from 20.8% from the study done at Bale Zone, South East Ethiopia [9] to 71.9% from the community-based cross-sectional study done at western Ethiopia [14] . Studies done in different parts of Ethiopia also showed that the injectable contraceptive method was the most used modern contraceptive method [9, 11, 12, 14] .
Religious opposition, desire for more children, fear of side effects, husband opposition, inter-spousal discussion, Perceived husband approval, discussion with HEW, perceived cultural acceptability, Women's educational status, gravidity, postnatal care utilization, age, Husband's education, marital status, monthly income, fertility, media exposure, number of living children, woman's decision making autonomy, family planning counseling and Having postnatal care were some of the factors independently associated with modern contraceptive utilization [6, [8] [9] [10] [11] [12] [13] [14] [15] .
Evidence from the aforementioned studies done in Ethiopia was highly varied and the results are inconclusive. Therefore, the current study aims to study the magnitude of modern contraceptive utilization and its predictors among reproductive-age women in Ethiopia based on the 2016 EDHS data. The current study will provide up-to-date evidence for policymakers and other stakeholders working on family planning in Ethiopia and similar settings to solve problems related to modern contraceptive utilization based on evidence.
Methods

Population
All reproductive age women in Ethiopia, based on 2016 EDHS were included in the study.
Data source
The current study used data extracted from 2016 EDHS which was stratified into urban and rural areas and yielded twenty-one sampling strata. A two-stage sampling technique was done to select representative samples of independent enumeration areas in each stratum. In the first stage, 202 urban areas and 443 rural areas were selected using probability proportional to the size of enumeration area. Lists of households were prepared from the selected enumeration areas and served as a sampling frame for the selection of representative households in the second stage. Lastly, a total of 18,008 households were selected for the study out of which only 17, 067 households were occupied. Complete interview was obtained from 16,650 households making the response rate 98%. In those interviewed households, 16,583 women were identified and 15,683 women completed the interview making a response rate of 95%. Therefore, data for the current study came from an individual record of 15,683 reproductive-age women. For all eligible women aged 15-49 years, the woman's questionnaire comprising five different parts including family planning was used to collect information [16] .
Statistical analysis
Statistical package for social science (SPSS) was used for statistical analysis. Descriptive studies like measures of central tendency and measures of dispersion for continuous data, and frequency count and proportion for categorical data were used to summarize descriptive data. Bivariate logistic regression was used to select candidate variables for multivariable logistic regression. In the bivariate logistic regression, a p-value of less than 0.2 was used as a cut of point. Variable inflation factor (VIF) was used to check multi-collinearities between candidate variables before fitting the final model. Multivariable logistic regression was used to identify independent predictors of modern contraceptive method utilization among reproductive-age women in Ethiopia and to control confounders. Adjusted odds ratio and confidence interval (CI) were respectively used to measure the association between modern contraceptive utilization and predictor variables and their statistical significance in the final model. The confidence interval was used to declare statistical significance in the final model. Hosmer and Lameshow test was used to check model fitness.
Operational definitions
Modern contraceptive utilization: in the current study a woman was considered as modern contraceptive method utilizer if she had been using at least one of the modern contraceptives (female sterilization, male sterilization, IUCD, injectable, implants, pills, male condom, female condom, emergency contraception, and standard days method) during EDHS data collection period.
Modern contraceptive non-utilization: a woman was considered to be non-utilizer of the modern contraceptive method if she had been using traditional methods like rhythm method, lactation amenorrhea method, and withdrawal or if she had not been using any type of contraception during EDHS data collection period.
Results
Socio-demographic and socio-economic characteristics
In the interviewed households, 16,583 eligible women were identified for individual interviews. Interviews were completed with 15,683 women, yielding a response rate of 95%. The mean age of respondents was 27.94 (±9.16) years with the age range of 34 years. From the total 15, 683 respondents interviewed, 3498 (22.3%) were within the age group of 15-19 years. Out of the total reproductive age women interviewed, 18.51% (2903) and 18.14% (2845) were found in the age groups of 25-29 and 30-34 years respectively ( Fig. 1 ). From the total respondents, 1892 (12.06%) and 907 (5.78%) were from Oromiya and Harari region respectively ( Fig. 2) . Regarding the occupation of the participants, 8045 (51.3%) were not working and 211(1.3%) were clericals ( Fig. 3 ). Regarding the residence of respondents, 10,335 (65.9%) women were rural residents. Concerning educational status, 7033(44.8%) were not educated and 4524 (46.1%) women had uneducated husbands. 7591 (63.5%) and 4094 (39.9%) reproductive age women committed first sexual intercourse and bore the first child at age of less than 18 years respectively. Regarding the economic status of the women, 5699(36.3%) women were from the richest family. Concerning decision making on contraceptive use, 2104 (70.6%) reproductive age women jointly decided with their husbands ( Table 1) .
Prevalence of modern contraceptive use
The overall prevalence of modern contraceptive utilization was 3203 (20.42%). The injectable contraceptive method was the most, 1886(58.88%) commonly used modern contraceptive method followed by implant/Norplant, 779 (24.32%) ( Fig. 4 ). From the reproductive age women aged 15-19 years only 5.91% (207) utilized modern contraceptive method whereas 28.64 and 28.56% of reproductive age women aged between 25 and 29 years and 30-34 years utilized modern contraceptive methods respectively. There was also a disparity of modern contraceptive utilization between rural and urban resident reproductive-age women; only 1946(18.8%) rural residents utilized modern contraceptive whereas 1257 (23.5%) urban residents utilized modern contraceptive. Modern contraceptive utilization was also highly varied based on marital status; only 119 (2.78%) unmarried reproductive age women utilized modern contraceptive methods whereas 2886 (29.3%) reproductive-age women who were married and living together utilized modern contraceptive method. There was also a great disparity in modern contraceptive utilization based on respondents' wealth index; only 198(12.5%) reproductive women from poorest households utilized modern contraceptive methods whereas 538 (26.3%) women from richer households utilized modern contraceptive method. Modern contraceptive utilization was also highly varied by regions of Ethiopia; 34.21 and 1.01% reproductive age women utilized modern contraceptive methods from Amhara and Harari regions respectively.
Individual and behavioral characteristics of reproductive age women in Ethiopia
Regarding age at first sexual intercourse and age at first childbirth, 7591 (63.5%) and 5286(51.5%) had committed their first sexual intercourse and had born their first child at age of less than 18 years and 18-24 year respectively. 5409 (34.5%) and 5539(38.4%) reproductive age women did not bear a child and did not have a living child respectively. 13,106(83.6%), 10,338(65.9%) and 10, 084(64.3%) did not read the newspaper, listen to the radio and watch television. Regarding decision making on contraceptive use, 2104(70.6%) women made the decision jointly with their husbands ( Table 2) .
Results of bivariate analysis
Bivariate logistic regression was fitted to identify candidate variables for multivariable logistic regression. Accordingly: Age of respondent, residence, region of residence, current marital status, educational level, occupation, total children ever born, number of living children, husband's educational level, age at first sex, husband's desire for child, wealth index, frequency of listening to radio and frequency of watching television were candidate for multivariable logistic regression ( Table 3) .
Predictors of modern contraceptive use among reproductive-age women in Ethiopia, 2016
A multivariable logistic regression model was fitted to identify independent predictors of modern contraceptive method utilization among reproductive-age women in Ethiopia. Accordingly; age, place of residence, region of residence, occupation, number of living children, Husband's education, age at first sex, husband's desire for children, wealth index and frequency of watching television were independently associated with modern contraceptive method utilization. Woman whose age was between 15 207)] times more likely to utilize modern contraceptive method as compared to woman whose age was 40 year and above. The odds of modern contraceptive utilization among urban resident women was nearly 1.5 [AOR = 1.5129 (1.204, 1.900)] times more likely than the odds of modern contraceptive use among rural resident woman.
A Women who resides in Tigray, Amhara and SNNPR regions of Ethiopia utilize modern contraceptive method as compared to a woman who did not have any job respectively.
A woman who had no child or who had 1-2 child/ children was nearly 75% [AOR = .255(.117,.556)] and 34% [AOR = .658(.455,.952)] times less likely to utilize modern contraceptive methods as compared to a woman who had born 5 or more children.
A woman whose husband had completed primary education was nearly 1.4 [AOR = 1.347(1.173, 1.546)] times more likely to utilize modern contraceptive methods as compared to a woman whose husband was not educated.
A woman who had started her first sexual intercourse at an age of less than 18 years was nearly 1.6 [AOR = 1.582(1.054,2.373)]times more likely to utilize modern contraceptive methods as compared to a woman who started her first sexual intercourse at an age of 25 or more year respectively.
The odds of modern contraceptive utilization among women whose husbands want more children was nearly times more likely to utilize modern contraceptive method as compared to a woman who does not watch a television respectively (Table 4 ).
Discussions
The overall prevalence of modern contraceptive utilization among reproductive-age women in Ethiopia was 3203 (20.42%). The finding is almost consistent with the result of the 2014 Ghana Demographic and Health Surveys secondary data analysis where the prevalence of modern contraceptive utilization was 21.53% [17] . It was also consistent with cross-sectional studies done in Ghana and Ethiopia in 2016 where 21 and 20.8% of reproductive age women used a modern contraceptive method respectively [9, 18] . But the current prevalence is higher than the results of secondary data analysis of Nigeria (10.3%) and Mali (15.3%) Demographic and Health Survey which were conducted in 2013 and 2012 respectively [19, 20] , and lower than the results of secondary data analysis of Burkina Faso (24%) and Afghanistan (25.5%) Demographic and Health Survey which were conducted in 2012 and 2015respectively [20, 21] . A cross-sectional multi-country analysis of Demographic and Health Surveys (DHS) conducted between 2008 and 2016 in 52 low and middleincome countries (LMICs) and taking 6857 representative sample from Ethiopia also showed that a prevalence of modern contraceptive method utilization among Ethiopian young reproductive-age women aged between 15 and 24 years was 12.1% which is by far lower than the result from the current study [15] . The current prevalence is also lower than the results of other studies done in Ethiopia at a different time [10] [11] [12] [13] [14] . The discrepancy might have occurred due to a difference in awareness of modern contraceptive methods. The difference might also be due to the socio-cultural difference between the different countries which might have a paramount effect on contraceptive utilization. The current study revealed that the injectable contraceptive method was the most commonly used contraceptive method which was consistent with the results of different studies done in Ethiopia [9, 11, 12, 14] .
In the current study, age was an independent predictor of modern contraceptive method utilization among reproductive-age women in Ethiopia. A woman whose age was between 15 and 19, 20-24, 25-29, 30-34 and 35-39 was nearly 1.9, 2.4, 2.2, 1.9 and 1.8 times more likely to utilize modern contraceptive methods as compared to a woman whose age was 40 year and above. Results from secondary data analysis of three consecutive Bangladesh Demographic and Health Surveys also showed that a woman whose age was from 40 to 49 years less likely practiced modern contraceptive utilization which is consistent with the current study [22] . The current result was also consistent with the results of two cross-sectional studies done in Northwest and Western Ethiopia where reproductive age women aged 35-49 years and > 44 years respectively were less likely utilized modern contraceptive method [10, 14] . Another cross-sectional study done in Cameroon in 2014 and 2015 also showed that age > 30 years was negatively associated with modern contraceptive method utilization which was also consistent with the current study [8] . This might be due to the reason that reproductive-age women from low-income countries become more economically stable at their late reproductive age and might not want to utilize contraceptive methods to bear more children. But the current result is in contrast with the results of secondary data analysis of Nigeria (2013) and Afghanistan (2012) Demographic and Health survey where women greater than 40 years age more likely utilized modern contraceptive method [19, 23] . The difference might have occurred due to the difference in the socio-economic and socio-cultural differences between the countries. Residence was also independently associated with modern contraceptive utilization in the current study. The odds of modern contraceptive utilization among urban resident reproductive-age woman was nearly 1.5 times more likely than the odds of modern contraceptive utilization among rural resident woman. The finding is consistent with the results of secondary data analysis of Indian, Afghanistan, Nigeria and Bangladesh Demographic and Health surveys where urban resident women more likely utilized modern contraceptive methods than rural resident women [19, 21, 22, 24] . This could be due to different reasons. Urban women are more educated, have better income, have better access to the health facility, and better media access than rural women which have a positive impact on modern contraceptive utilization. Rural women also need more children to help them with fieldwork which has a negative effect on their modern contraceptive method utilization [14, 19, 21, 23, 25, 26] . But the result of secondary data analysis of the 2003-2014 Ghana Demographic and Health Surveys showed that rural resident women more likely utilized modern contraceptive methods than urban resident women which are in contrary to the results of the current study [17] . The difference could be due to the difference in awareness, availability, and accessibility of modern contraceptives for rural women.
The study also showed that the region of residence was an independent predictor of modern contraceptive method utilization among reproductive-age women. A woman who resides in Tigray, Amhara and SNNPR regions of Ethiopia was nearly 1.4,3 and 2 times more likely utilized modern contraceptive method as compared to a woman who resides in Addis Ababa respectively. A woman who resides in the Afar and Somali region of Ethiopia was nearly 55 and 93% times less likely to utilize modern contraceptive methods as compared to a woman residing in Addis Ababa. The finding is consistent with the results of secondary data analysis of the 2013 Nigerian Demographic and Health Survey (NDHS) [19, 25] analyzed by independent researchers.
In the current study, the occupation was independently associated with modern contraceptive utilization. Reproductive age women who earn their lives by selling goods, agricultural employment, skilled manual working, and other different jobs were nearly 1.3, 1.2, 1.4 and 1.6 times more likely to utilize modern contraceptive methods as compared to reproductive-age women who did not have any job respectively. The finding is consistent with the finding from secondary data analysis of the 2003-2014 Ghana Demographic and Health Surveys [17] . The results of the descriptive study also depicted that 24.65, 23.89, 29.01 and 24.44% of reproductive age women utilized modern contraceptive method from sales, agricultural employee, skilled manual working and others respectively, whereas, only 16.61% utilized modern contraceptive method from those who did not have any job. This could be due to the reason that women who are employed and have their private job do have better income, better access to media and health facilities which positively influence modern contraceptive method utilization [14, 19, 21, 23, 25, 26] . Besides, they may need to have a gap between bearing children as they are on duty. Some women may be the only breadwinners for their families and might frequently work to sustain the lives of their families.
The number of children was also independently associated with the utilization of modern contraceptive methods. A woman who had no child and who had 1-2 child/children was nearly 75 and 34% times less likely utilized modern contraceptive method as compared to a woman who had born 5 or more children. This finding is in line with the results of secondary data analysis of 2012 and 2015 Afghanistan Demographic and Health Survey where women with more than 6 children more likely utilized modern contraceptive methods [21, 23] . This may be due to the reason that women with a fewer number of children may need to bear more children to attain the desired family size [27] . But the current result is inconsistent with the result of secondary data analysis of three consecutive Bangladesh Demographic and Health Surveys where women with 4 or more children less likely utilized modern contraceptive methods as compared to women who had 0-1 child [22] . The possible reason for this discrepancy could be the socioeconomic or socio-cultural difference between the two countries which might have an impact on the number of children desired. The result was also discordant with the result of the cross-sectional study done in Debre Birhan District of north Shoa zone, Ethiopia in 2010 where women who had more than five children less likely utilized modern contraceptive methods as compared to women who had no child [12] . This difference might have occurred due to the difference in the number of study participants participated in the study; the current study used a relatively large sample size which may better reflect the true population parameter as compared to any other study done with a small sample size.
The husband's educational status was positively associated with modern contraceptive method utilization. A woman whose husband had completed primary education was nearly 1.4 times more likely to utilize the modern contraceptive method as compared to a woman whose husband was not educated. The finding is consistent with the evidence from the 2014 Bangladesh Demographic and Health Survey where a woman whose husband completed higher education 1.28 times more likely utilized modern contraceptive methods as compared to a woman whose husband was not educated [28] . The finding was also concordant with the finding from a community-based cross-sectional study done at rural Dembia District, northwest Ethiopia in 2015 where a woman who had uneducated husband had 72% less likely utilized modern contraceptive method as compared to a woman who had a husband who completed grade 7 and above [10] . This could be due to the reason that educated husbands might have a good insight on modern contraceptives and compromise unreasonable social norms, beliefs, and attitudes towards modern contraceptive utilization and encourage their wives to utilize them. Besides, educated husbands may better share decision-making autonomy with their wives and approve the utilization of modern contraceptive utilization. Husband's education is also related to better household income which has a positive impact on modern contraceptive utilization [14, 19, 26] .
Multivariable logistic regression also showed that age at first sexual intercourse was independently associated with modern contraceptive utilization. A woman who had started her first sexual intercourse at an age of less than 18 years was nearly 1.6 times more likely to utilize the modern contraceptive method as compared to reproductive-age woman who started her first sexual intercourse at an age of 25 or more year respectively. This may be due to the reason that women under 18 years of age are, most of the time, economically dependent and do not want to bear a child and use a contraceptive to delay pregnancy. In the Ethiopian context, usually, reproductive age woman under 18 years of age wants to pursue her education and use a contraceptive to delay pregnancy. But this result is inconsistent with the result of the cross-sectional study done among sexually active Nepal youths, where those who started their first sexual intercourse between 12 and 15 years of age were less likely to use modern contraceptive as compared to those aged 20 to 24 year [29] . The difference could be due to the reason that the study done in Nepal considered only sexually active adult youths where the current study was done on all reproductive-age women aged 15 to 49 years.
The current study also revealed that the husband's desire for more children was inversely associated with modern contraceptive utilization. The odds of modern contraceptive utilization among women whose husbands want more children was nearly 25% less likely than the odds of modern contraceptive utilization among women who want the same number of children with their husbands. This is consistent with the evidence from Bangladesh, Burkina Faso and Mali secondary data analysis of Demographic and Health Survey where husband's desired number of children had influenced modern contraceptive utilization among reproductiveage women [20, 28] . This could be due to male dominance in decision making autonomy in developing countries including our country, Ethiopia. When decisions are not equally made on the required family size in the household, males dominate the decision making power and decide on the number of the family size desired. Therefore, if husbands aspire for more children than their wives, they may negatively influence their spouses on utilizing family planning.
The current study also revealed that the wealth index was independently associated with current contraceptive utilization. A woman who was from the richest, a richer, middle and poorer household was nearly 3.5, 3, 2.5 and 2 times more likely to utilize modern contraceptive methods as compared to reproductive age woman from the poorest household respectively. This finding is consistent with findings from secondary data analysis of Demographic and Health Survey in Afghanistan in 2012 and 2015 [21, 23] and secondary data analysis of Demographic Health Survey in Nigeria in 2013 [19] where richest women more likely utilized modern contraceptive method as compared to poor women. The finding is also consistent with the results of a cross-sectional study conducted in Malawi in 2010 [26] and a cross-sectional study conducted in Nigeria in 2016 [25] . A crosssectional study conducted in western Ethiopia in 2014 also showed that a woman who had a monthly income of 1001-1500 ETB per month had nearly 2 times more likely utilized modern contraceptive methods as compared to a woman who earned less than 600EBR per month [14] . This might be due to the reason that the richest woman has more access to media and health facilities and might have a better awareness of modern contraceptive methods than those from a poor family [14, 19, 26] .
In the multivariable analysis, watching television was also independently associated with modern contraceptive utilization among reproductive-age women. A woman who watches television at least once a week and less than once a week was nearly 1.3and 1.4 times more likely to utilize modern contraceptive methods as compared to a woman who does not watch television. The finding is consistent with the evidence from secondary data analysis of 2012 and 2015Afghanistan Demographic and Health Survey, 2014 Bangladesh Demographic and Health Survey and 2013 Nigeria Demographic and Health Survey where women who had media exposure utilized modern contraceptive method more likely as compared to women who had no media exposure [21] [22] [23] 25] . This may be due to the reason that women who had media exposure might have a better awareness of modern contraceptives and their utilization. But a cross-sectional multi-country analysis of Demographic and Health Surveys (DHS) conducted between 2008 and 2016 in 52 low and middleincome countries (LMICs) showed that there is no association between exposure to media and modern contraceptive utilization among young reproductive-age women [15] . The difference might have occurred due to the age difference between the study participants; the current study included all reproductive-age women, whereas, the later one only included young reproductive-age women aged between 15 and 24 years. Young reproductive age women might not give due attention to the messages conveyed through media and benefitted from it.
The current study has its strengths and limitation. The study used nationally weighted representative data which better reflects the proportion of reproductive-age women using modern contraceptive method and its associated factors at the national level. Since the study used data from a single time survey, the temporal relationship between modern contraceptive use and the aforementioned predictor variables cannot be assured and the evidence should be utilized with caution. Besides, because of the lack of qualitative data on EDHS data, the association of qualitative variables like sociocultural factors to modern contraceptive utilization was not addressed in the current study.
In the current study, a woman was considered as modern contraceptive method utilizer if she had been using at least one of the modern contraceptives (female sterilization, male sterilization, IUCD, injectable, implants, pills, male condom, female condom, emergency contraception, and standard days method) only during EDHS data collection period. Therefore, since it was a single time survey, it does not show variations in the utilization of modern contraceptive methods by reproductive-age women in Ethiopia by period and results must be used with caution.
Conclusions
The magnitude of modern contraceptive utilization among reproductive-age women in Ethiopia in the current study is unexpectedly low. Age, residence, region, woman's occupation, number of living children, husband's education, age at first sexual intercourse, husband's desire for more children, wealth index and watching TV were independent predictors of modern contraceptive use among reproductive-age women in Ethiopia. Any intervention strategy that promotes modern contraceptive method utilization should consider these factors for its better success. Future researchers interested in the area should also address qualitative variables like socio-cultural factors which might have a tremendous effect on modern contraceptive utilization. 
